Abstract: A large-scale survey was conducted to investigate the infection status of fresh water fishes with Clonorchis sinensis metacercariae (CsMc) in 3 wide regions, which were tentatively divided by latitudinal levels of the Korean peninsula. A total of 4,071 freshwater fishes were collected from 3 regions, i.e., northern (Gangwon-do: 1,543 fish), middle (Chungcheongbuk-do and Gyeongsangbuk-do: 1,167 fish), and southern areas (Jeollanam-do, Ulsan-si, and Gyeongsangnamdo: 1,361 fish). Each fish was examined by the artificial digestion method from 2003 to 2010. In northern areas, only 11 (0.7%) fish of 2 species, Pungtungia herzi and Squalidus japonicus coreanus from Hantan-gang, Cheolwon-gun, Gangwon-do were infected with av. 2.6 CsMc. In middle areas, 149 (12.8%) fish were infected with av. 164 CsMc. In southern areas, 538 (39.5%) fish were infected with av. 159 CsMc. In the analysis of endemicity in 3 regions with an index fish, P. herzi, 9 (6.2%) of 146 P. herzi from northern areas were infected with av. 2.8 CsMc. In middle areas, 34 (31.8%) of 107 P. herzi were infected with av. 215 CsMc, and in southern areas, 158 (92.9%) of 170 P. herzi were infected with av. 409 CsMc. From these results, it has been confirmed that the infection status of fish with CsMc is obviously different among the 3 latitudinal regions of the Korean peninsula with higher prevalence and burden in southern regions.
INTRODUCTION
Recent trends of helminthic infections in the Republic of Korea are characterized by a remarkable decrease of soil-transmitted nematodiases and moderate endemicity of foodborne trematode (FBT) infections. Among FBT infections prevailing in the Republic of Korea, clonorchiasis has been known as the most important endemic disease, and its endemicity has maintained at relatively high levels in riverside areas [1] [2] [3] [4] [5] [6] . Especially, in 1981, Seo et al. [1] reported prevalence rates of clonorchiasis among the residents in 7 major rivers, Nakdong-gang (River) (40.2%), Youngsan-gang (30.8%), Seomjin-gang (17.3%), Tamjin-gang (15.9%), Han-gang (15.7%), Gum-gang (12.0%), and Mangyeong-gang (8.0%). In 2008, Cho et al. [5] reported the egg positive rates of residents living in 4 river basins, Nakdong-gang (17.1%), Seomjin-gang (11.2%), Youngsan-gang (5.5%), and Gum-gang (4.6%), located in southern parts of Korea. Although the Korea Association of Health Promotion (KAHP) and the Korea Center for Disease Control and Prevention (KCDCP) have been performing control programmes of clonorchiasis for more than 20 years, clonorchiasis is still prevalent throughout the country [3, 6] .
Clonorchiasis is contracted by eating raw or undercooked fish intermediate hosts containing the metacercariae of C. si nensis. As the second intermediate hosts of C. sinensis, total 40 species of freshwater fishes have been reported in Korea [2, 7] . Among them, some species, such as Pseudorasbora parva, Pung tungia herzi, Sarcocheilichthys spp., Squalidus spp., and Pseudo gobio esocinus, have been known as the more susceptible hosts to cercariae, and they have sometimes enormous amount of metacercariae [8] [9] [10] [11] [12] .
On the other hand, the survey on the infection status of FBT metacercariae in intermediate hosts is one of the important epidemiological indices together with surveys on adult worm infections in the definitive and reservoir hosts. Many Korean workers have investigated the infection status of C. sinensis metacercariae (CsMc) in fishes from various endemic areas to estimate the endemicity of clonorchiasis [8, 9, [11] [12] [13] [14] [15] [16] [17] . Especially, Kim et al. [12] investigated 677 freshwater fish of 21 species to know the current infection status with CsMc in Korea. However, large-scale surveys have not been conducted to compare the prevalence and density of CsMc in freshwater fishes collected by different latitudinal levels of the Korean peninsula. Therefore, in the present study, we investigated on the infection status of CsMc in freshwater fish from 3 wide regions, which were tentatively divided by the latitudinal levels of the Korean peninsula.
MATERIALS AND METHODS

Surveyed areas
Surveyed areas were largely divided into 3 latitudinal regions of the Korean peninsula (Fig. 1) . The northern area was comprised of 7 administrative regions of Gangwon-do, ① Inje-gun, ② Hongcheon-gun, ③ Cheolwon-gun, ④ Yanggu-gun, ⑤ Yangyang-gun, ⑥ Youngweol-gun, and ⑦ Samcheok-si, which are located over 37º North Latitude. The middle area contained 10 regions of Chungcheongbuk-do (⑧ Gum-gang in Okcheon-gun, ⑨ Cheong-cheon in Goisan-gun, and ⑩ Daecheong-ho), and Gyeongsangbuk-do (⑪ Ahndong-si, ⑫ Sangju-si, ⑬ Bonghwa-gun, ⑭ Yecheon-gun, ⑮ Youngyang-gun, 16 Youngdeok-gun, and 17 Gunwi-gun), which are located between 36º and 37º North Latitude. The southern area was comprised of 8 administrative regions of Jeollanam-do (18 Gokseong-gun, 19 Gurye-gun, 20 Naju-si, 21 Gangjin-gun, 22 Jangheung-gun, and 23 Boseong-gun), Ulsan Metropolitan City (24 Taehwa-gang) and Gyeongsangnam-do (25 Sancheong-gun), which are located below 36º North Latitude.
Freshwater fishes examined
In western parts of Gangwon-do, we collected 678 freshwater fishes (36 and Hwa-gang (Cheolwon-gun in June 2010) in Gangwon-do. We also collected 865 fishes (32 species) from 5 localities of eastern parts of Gangwon-do, Sooip-cheon (Yanggu-gun), Namdae-cheon (Yangyang-gun), Dong-gang (Youngweol-gun), Osipcheon, and Gagok-cheon (Samcheok-si) 2 times in June and October 2009. The numbers and species of fish examined are shown in Tables 1 and 2 .
In middle regions, a total of 451 fishes (32 species) were collected from 3 sites, Gum-gang (Okcheon-gun in April and September 2006), Cheong-cheon (stream in Goisan-gun on June 2003) and Daecheong-ho (Lake, on June 2003), located in Chungcheongbuk-do. The numbers and species of fish examined are shown in Table 3 . To investigate the infection status of CsMc in fishes from the upper reaches of Nakdong-gang, we collected total 716 freshwater fishes (35 species) from 7 locali- Fig. 1 . The surveyed areas. The northern area located over 37° North Latitude is comprised of 7 administrative regions of Gangwon-do (① Inje-gun: Soyang-gang, ② Hongcheon-gun: Hongcheon-gang, ③ Cheolwon-gun: Hantan-gang and Hwa-gang, ④ Yanggu-gun: Sooip-cheon, ⑤ Yangyang-gun: Namdae-cheon, ⑥ Youngweol-gun: Dong-gang and ⑦ Samcheok-si: Osip-cheon and Gagok-cheon). The middle area located between 36° and 37° North Latitude is contained 3 regions of Chungcheongbukdo (⑧ Okcheon-gun: Gum-gang, ⑨ Goisan-gun: Cheong-cheon and ⑩ Daecheong-ho), and 7 regions of Nakdong-gang (⑪ Ahndong-si, ⑫ Sangju-si, ⑬ Bonghwa-gun, ⑭ Yecheon-gun, ⑮ Youngyang-gun, 16 Youngdeok-gun and 17 Gunwi-gun) in Gyeongsangbuk-do. The southern area located below 36° North Latitude is comprised of 6 administrative regions of Jeollanam-do (18 Gokseong-gun: Seomjin-gang, 19 Gurye-gun: Seomjin-gang, 20 Naju-si: Youngsan-gang, 21 Gangjin-gun: Tamjin-gang, 22 Jangheung-gun: Tamjin-gang and 23 Boseong-gun: Boseong-gang), and 24 Ulsan Metropolitan City (Taehwa-gang) and 25 Sancheonggun (Yangcheon-gang) in Gyeongsangnam-do. ties, Ahndong-si, Sangju-si, Bonghwa-gun, Yecheon-gun, Youngyang-gun, Youngdeok-gun and Gunwi-gun, Gyeongsangbukdo in October and November, 2008 (Table 4) .
In western parts of southern localities, 452 freshwater fishes (35 species) were collected from 6 localities, Seomjin-gang and July 2010) in Gyeongsangnam-do (Table 6 ).
Examination methods
All collected fishes with ice were transferred to the laboratory of the Department of Parasitology, Gyeongsang National University School of Medicine, Jinju, Korea. After identification of fish species [18] , they were individually ground with a mortar with a pestle or a grinder. Each ground fish meat was mixed with artificial gastric juice and the mixture was incubated at 36˚C for 2-3 hr. The digested material was filtered with 1× 1 mm of mesh, and washed with 0.85% saline untill the supernatant is clear. The sediment was carefully examined under a stereomicroscope. The metacercariae of C. sinensis were collected based on their general features [7] , and they were counted to get hold of the infection densities by fish species. Total 865 freshwater fishes of 32 species were examined.
RESULTS
Infection status of freshwater fish from northern areas
The metacercariae of C. sinensis were found in only 2 fish species, P. herzi and Squalidus japonicus coreanus, collected from Hantan-gang in Cheolwon-gun, Gangwon-do. Total 6 CsMc were detected in 3 out of 8 P. herzi examined in April, 2005. They were also detected in 6 (85.7%) of 7 P. herzi and both 2 of S. japonicus coreanus examined in October 2010. The metacercarial densities were 3.2 and 2.0 per infected fish. However, they were not found in fishes from 7 localities, Hongcheongang in Hongcheon-gun, Hwa-gang in Cheolwon-gun, Sooipcheon in Yanggu-gun, Namdae-cheon in Yangyang-gun, Donggang in Youngweol-gun, and Osip-cheon and Gagok-cheon in Sam cheok-si, Gangwon-do.
Infection status of freshwater fish from middle areas
A total of 50 CsMc were detected in 22 (10 species) of 356 freshwater fish (28 species) collected from Gum-gang, and total 27 metacercariae were found in 6 (3 species) of 53 fish from Cheong-cheon. Their infection status by fish species were as shown in Table 7 . No CsMc were found in 42 fishes from Daecheong-ho.
CsMc were found in 3 (12.5%) of 24 P. herzi and only 1 (4.8%) Zacco platypus from Ahndong-si, and their average densities were 62 in P. herzi and only 1 in Z. platypus infected. They were also detected in all 6 P. herzi and only 1 of 2 Acanthorhodeus gracilis from Sangju-si, and their average densities were 11 in P. herzi and only 1 in A. gracilis infected. Total 46 CsMc were detected in 10 (35.7%) of 28 Squalidus gracilis majimae from Youngdeokgun. However, CsMc were not found in other fishes from Bonghwa-gun.
A total of 68 CsMc were found in 9 (15.8%) out of 57 fish of 7 species, Ladislabia taczanowskii, Culter brevicauda, P. herzi, Z. platypus, Pseudogobio esocinus, Hemibarbus longirostris. and Hemi barbus labeo from Yecheon-gun. Total 31 (36.0%) fishes of 6 species, P. herzi, Squalidus chankaensis tsuchigae, Microphysogobio koeensis, Coreoleuciscus splendidus, Acheilognathus signifer and Z. platypus, out of 86 fish in 12 species from Youngyang-gun, were infected with 1-630 CsMc (av. 126 per fish). Among 136 fishes of 16 species collected from Gunwi-gun, 70 (51.5%) of 14 species were infected with 1-2,105 CsMc (av. 287). The infection status in fishes from Yecheon-gun, Youngyang-gun, and Gunwi-gun were detailed in Table 8 .
Infection status of freshwater fish from southern areas
Among 191 fishes (22 species) from Seomjin-gang in Gokseong-gun, 42 (13 species) were infected with 2,496 CsMc (av. 59), and 37 fishes (9 species) from Seomjin-gang in Guryugun were infected with total 1,390 CsMc (av. 49). Their infection status by fish species were shown in Table 9 .
A total of 1,831 CsMc (av. 80) were detected in 23 (9 species) of 65 freshwater fish (11 species) from Youngsan-gang in Naju- 3 localities, ⑧ Okcheon-gun (Gum-gang); ⑨ Goisan-gun (Cheong-cheon); ⑩ Daecheong-ho (Lake).
si. Among 58 fishes (11 species) from Tamjin-gang in Gangjingun, 39 (9 species) were infected with total 8,020 CsMc (av. 206), and a total of 162 CsMc (av. 32) were detected in 5 (4 species) of 18 freshwater fish (10 species) collected from Boseong-gang in Boseong-gun, Jeollanam-do. Infection status by fish species from 3 aforementioned regions were presented in Table 10 . No CsMc were found in 52 fish from Tamjin-gang in Janghung-gun, Jeollanam-do.
Total 175 CsMc (av. 22) were detected in 8 (32.0%) of 25 S. chankaensis tsuchigae, and 5 CsMc in 3 (5.0%) Z. platypus collected from Taehwa-gang in Ulsan Metropolitan City. Total 381 (48.2%) of 790 fish from Yangcheon-gang in Sancheong-gun, Gyeongsangnam-do were infected with 1-2,345 CsMc (av. 187). The infection status by fish species and examination year were shown in Table 11 .
Comparative prevalence and density of CsMc in freshwater fish from 3 regions Among 1,543 fish from northern areas, only 11 (0.7%) of 2 species, P. herzi and S. japonicus coreanus, from Hantan-gang in Cheolwon-gun, were infected with total 29 CsMc (av. 2.6 per infected fish). Total 149 (12.8%) of 1,167 fish from middle areas were infected with total 24,384 CsMc (av. 163.7). Of 1,361 fish from southern areas, 538 (39.5%) were infected with total 85,428 CsMc (av. 158.8).
In an analysis with an index fish, P. herzi, total 25 CsMc (av. 2.8) were detected in 9 (6.2%) of 146 fishes from northern areas. Among 107 P. herzi from middle areas, 34 (31.8%) were infected with total 7,300 CsMc (av. 214.7). Total 158 (92.9%) of 170 P. herzi collected from southern areas were infected with total 64,674 CsMc (av. 409.3). On the other hand, no CsMc were found in 247 Z. platypus from northern areas. Of 223 Z. platypus from middle areas, 17 (7.6%) were infected with total 147 CsMc (av. 8.6). Total 13 (5.7%) of 228 Z. platypus from southern areas were infected with 139 CsMc (av. 10.7) (Table  12) .
DISCUSSION
As the second intermediate hosts of C. sinensis, total 102 species of freshwater fishes (59 genera, 15 families) have been reported in China, including Taiwan, and total 40 species (31 genera, 6 families) have been listed in the Republic of Korea [7, 19] . In the present study, CsMc were detected in 36 The successful sampling of subjected materials is one of the important factors in epidemiological surveys. A satisfactory fish collection is not easy in surveys like the present study. Fish ecologies are variable by natural conditions, and collected fish species are different by the catching methods (netting, casting net, and trapping) and timings. Although a total of 4,071 freshwater fish were examined in the present study, the fish examined more than 200 in number were only 7 species, i.e. Z. platy pus (698), P. herzi (423), Zacco temminckii (344), Pseudogobio esocinus (236), C. auratus (204), Coreoperca herzi (203), and C. splendidus (200). Among 7 major fish species examined, Z. plat ypus and P. herzi were predominant, and they were evenly collected in each of 3 regions. Total 247, 223, and 228 Z. platypus and 146, 107, and 170 P. herzi were examined in each of 3 regions, northern, middle, and southern areas of Korea. Therefore, these 2 fish species are good to use as index fish species to compare the endemicities of C. sinensis infection in 3 regions of the present study. Until now the susceptible fish host for CsMc, P. parva, has been used as an index species for distribution of C. sinensis at certain areas [10, 12, [20] [21] [22] . However, in this study, their number examined were limited.
By the present study, it is confirmed again that the southern areas are highly endemic for clonorchiasis in Korean peninsula [1] [2] [3] [4] [5] [6] . The positive rates and infection densities of CsMc are higher in over all fish examined, as well as in P. herzi, from these southern areas, although they are exceptionally higher in fish species, i.e. P. herzi, P. esocinus, S. gracilis majimae and S. japoni cus coreanus, from Gunwi-gun, Gyeongsangbuk-do. In the analysis with the index fish, P. herzi, the positive rates are relatively proportioned with the average metacercarial density per infected fish. Therefore, the highly susceptible fish species, P. herzi, can be the real index fish of clonorchiasis transmission in the natural condition, and the presence of metacercariae in this fish species may suggest the maintaining of C. sinensis life cycle in subjected areas.
On the other hand, in case of Z. platypus, CsMc were not detected in 247 fish from northern areas. Total 17 (7.6%) out of 223 Z. platypus from middle areas were infected with 147 CsMc, and 13 (5.7%) out of 228 fishes from southern areas were infected with 139 CsMc. From the above findings, we could not find any special trend in the endemicity of C. sinensis infection in 3 regions. Therefore, it is confirmed that a less susceptible fish species, like Z. platypus, is unsuitable as an index fish, although they are widely collected in 3 regions as dominant fish species.
CsMc were not found in all fishes from 9 localities in northern areas except 2 species, P. herzi and S. japonicus coreanus, from Hantan-gang in Cheolwon-gun, Gangwon-do. In the study by Kim et al. [12] , all the fish from upper regions of Cheongju, Chungcheongbuk-do were negative for CsMc, even though the number of susceptible fishes examined were limited. It is interesting that CsMc were detected only in fishes from Hantan-gang in northern areas. First of all, as an important epidemiologic factor for clonorchiasis, the availability of the snail intermediate host, Parafossarulus manchouricus, should be investigated in the near future in Hantan-gang in Cheolwon-gun, Gangwondo. There have been few studies on the CsMc infection status of fishes from Gangwon-do, whreas many studies have been performed to investigate the infection status of intestinal flukes, including Metagonimus spp. in fishes from Gangwon-do [23] [24] [25] [26] [27] [28] . It is probably due to the reasion that Gangwon-do is endemic for intestinal fluke infections rather than clonorchiasis.
Among the 47 fish species listed as the second intermediate hosts of C. sinensis in Korea, Hypomesus olidus (the pond smelt) and Z. platypus are favoritely eaten raw in Korea. Fortunately, they are relatively unsusceptible for CsMc. In our study, CsMc were not found in 247 Z. platypus from Gangwon-do, and in extensive examinations of pond smelts from several lakes in Korea previously by Cho et al. [29] . Moreover, in the present study, they were not detected in 1,532 fishes from Gangwondo, and in 42 fish from Daecheong-ho. However, Park et al. [30] detected CsMc in H. olidus and Z. platypus from Soyang-ho and Daecheong-ho. Especially, it was remarkable that total 369 CsMc were detected in 100 H. olidus from Daecheong-ho [30] . Judging by aforementioned data and ecological and biological characteristics of C. sinensis, the findings of Park et al. The positive rates and densities of CsMc were relatively high in fishes from the upper reaches of Nakdong-gang in Youngyang-gun and Gunwi-gun, Gyeongsangbuk-do. Of the 86 fishes from Youngyang-gun, 31 (36.0%) were infected with av. 126 CsMc, and 70 (51.5%) of 136 fishes from Gunwi-gun were infected with av. 287 CsMc. Chung et al. [31] examined 794 fish- gun, Gyeongsangbuk-do. Accordingly, we could determine that the endemicity of CsMc in fishes from Youngyang-gun and Gunwi-gun are a little higher in the present study than in previous reports.
There have been few studies that examined the infection status of CsMc in fishes from Jeollanam-do. Kim et al. [12] roughly revealed the distribution of fishes infected with CsMc based on individual fish species. The present study showed a more detailed information on the endemicity of CsMc in fishes from 6 localities, Gokseong-gun, Gurye-gun, Naju-si, Gangjin-gun, Jangheung-gun, and Boseong-gun, in Jeollanam-do. The endemicity was relatively higher in fishes from 5 localities except Jangheung-gun. Especially, it is interesting to note that the endemicity of C. sinensis in fishes from Gangjin-gun is high, because Gangjin-gun has been well known as a highly endemic area of metagonimiasis [33, 34] .
Studies on the CsMc infection status of fishes from Taehwagang in Ulsan Metropolical City were performed by some workers. Joo [15, 35] examined 504 and 697 freshwater fishes from Taehwa-gang, and reported 31 (6.2%) and 126 (18.1%) fish infected with CsMc. Rim et al. [36] also reported 29 (47.5%) CsMc positive fishes, of 2 species, P. parva and S. chankaensis tsuchigae, out of 61 fishes examined in Taehwa-gang. In the present study, we detected total 180 CsMc in 11 (9.2%) fishes of only 2 species, S. chankaensis tsuchigae, and Z. platypus, out of 119 fishes from Taehwa-gang. Therefore, we could determine that the endemicity of CsMc in the present study is much lower than those in the previous studies. Bae et al. [37] extensively surveyed on C. sinensis infections in the first and second intermediate hosts, definitive hosts, and inhabitants, residing along Nam-gang, in Gyeongsangnam-do. Especially on the second intermediate hosts, they reported that 83 (34.7%) of 239 fishes, including 64 P. parva, were infected with CsMc. In the present study, we examined total 790 freshwater fishes from Yangcheon-gang, a stream of Nam-gang, in Sancheong-gun, Gyeongsangnam-do, and detected av. 187 CsMc from 381 (48.2%) fishes. Until now the endemicity of CsMc in fishes from streams of Nam-gang, including Yangcheon-gang, is as high as in old days. It seems to be one of the reasons why Sancheong-gun is the most highly endemic area of clonorchiasis around the whole country [5] . Therefore, inhabitants residing in endemic areas, like Sancheong-gun, should pay attention to clonorchiasis, and consumption of raw freshwater fish naturally produced in these areas should be avoided.
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